outputs in time. Prescription maps of fertilizer rates are usually derived from one or more condition maps, 
which are the present mapping scale of most agricultural soil surveys, (Soil Survey Division Staff, 1993) . Order 2 surveys were quiring very detailed soils information. Although there is overlap in the definition of the two orders of soil survey, it is most common in North Dakota to map S patial nutrient information must be collected to Order 2 on a scale of 1:20 000, with minimum size delindirect a variable-rate fertilizer application. Soil testeation 1.25 ha (3.1 acres), while the Order 1 surveys ing is a basis for fertilizer recommendations. Soil testing have scales approximately 1:6600, with minimum size requires enormous amounts of background research to delineation of 0.4 ha (1 acre). develop the relationship between soil test level and crop
In both an Order 1 and Order 2 survey, the main type response (Peck and Soltanpour, 1990) . Soil test results of soil entry is designated a consociation (Soil Survey must then undergo considerable correlation and calibraDivision Staff, 1993). Order 2 surveys generally contain tion to develop fertilizer recommendations (Dahnke more complexes and associations than Order 1. A conand Olson, 1990) . In areas of low rainfall (Ͻ64 cm yr Ϫ1 ), sociation by definition is dominated by a single soil soil testing is a recommended and common practice taxon (a unit designated reasonably true to the namefor N management (Hergert et al., 1997) . There are sake soil series properties), with at least 50% of the questions regarding the adequacy of N recommendaarea within the consociation boundary consisting of the tions and their modification based on variable yield dominant soil taxon. Less than 15% of the area consists goals with landscape position; nonetheless, N soil testof dissimilar soil series, or Ͻ25% if the soil series have ing is the only currently accepted method of determinsimilar properties. Complexes are soil groupings that ing the N status of the soil in many parts of the USA cannot be mapped separately at 1:24 000, and associa- (Dahnke and Olson, 1990) .
tions are groupings that can be mapped separately at For successful precision nutrient management, accu-1:24 000. However, the actual practice of delineation rate maps of soil test levels are needed (Sawyer, 1994) .
regarding how these entries are eventually mapped apThe three types of maps used or developed in sitepears to be left to the survey crew or state survey team, specific agriculture include condition, performance, and with considerable latitude on what similar and dissimilar prescription maps (Pierce and Nowak, 1999) . Condition mean. In the Red River valley of North Dakota, for maps are those that are measured, predicted, or both.
example, section after section are often recorded as an Performance maps site-specifically record inputs and association as though they had similar properties for important attributes (Prochnow et al., 1985 and parent material common to all soils in an association, the differences in topography that result in separaPublished in Agron. J. 94:381-389 (2002) .
381
tion of soil-series members within the association may samplers in the Red River valley of North Dakota typically charge $45 per grid point to sample for NO 3 -N. also influence other factors, especially nutrient availability.
A 66-m grid would cost $110 ha Ϫ1 , which would be more than the cost of fertilizer in most fields. The problems associated with consociations, associations, and complexes were addressed by Nordt et al.
Zone sampling assumes that nutrient patterns are based on some logical reason and are often associated (1991). They found that dominating taxa within a soilmapping unit were much less in area than expected and with an easy-to-measure attribute compared with intensive sampling. Recently, zone sampling using toporecommended instead that consociations be designated multitaxa units when mapped at the 1:20 000 level to graphic criteria (Franzen and Peck, 1996; Franzen et al., 1998; Westfall et al., 1998) provided soil nutrient emphasize the variability within many mapping units.
Despite the usefulness of Order 2 soil surveys to direct information that was highly correlated with dense grid sampling (Ͻ0.1 ha) using fewer soil samples than a comnatural-resource management, general farm evaluation, and engineering properties (Mausbach et al., 1993) , few mercial grid-sampling (0.4-1 ha) approach (Wollenhaupt et al., 1994; Franzen and Peck, 1995) . Topography studies have shown them useful in directing site-specific activities. Carr et al. (1991) suggested that soil series is one of the five soil-forming factors (Jenny, 1941) and is a basis for unit separation in soil survey mapping. In could be used to direct site-specific management as long as soil series were identified and mapped accurately. many fields, the other four soil forming factors-time, past vegetation, climate, and parent material-are often Steinwand et al. (1996) examined a 64-ha (158 acre) field in Iowa in a Clarion-Webster-Nicollet association constant. Therefore, if the soil map units have adequate resolution, then a soil survey might be used as the basis and found that the 1:15 840 and 1:3305 scales were similar in terms of predicting crop yields within a 3-yr study.
for nutrient zone definition. This study was conducted to evaluate soil survey They concluded that soil survey mapping could be used scales at the Order 1 and Order 2 scale and to compare to direct site-specific decisions. However, the expected these maps with grid sampling and topography-based corn (Zea mays L.) yields ranged only from 8 to 10 Mg zone maps to determine their relative value in delineatha Ϫ1 in more than 90% of the field area, whereas soil ing N management zones to direct site-specific N applinutrient levels in a North Dakota field varied as much cation. as 100-fold (Franzen et al., 1998) . It might be expected that it is easier to predict yield in fields with less variability. Kellogg (1961, p. 19) analyzed for NO 3 -N using colorimetric transnitration with verse distance squared interpolation with the mapping program Surfer 3.2 for Windows (Golden Software Co., Golden, salicylic acid (Vendrell and Zupancic, 1990) .
MATERIALS AND METHODS
Topography was determined at all sites using a laser-survey-CO). This procedure has been used by several previous studies (Franzen and Peck, 1995; Franzen et al., 1998 ; Gotway et ing device, recording relative elevation measurements in a al., 1996). 33-m grid. Topography zones were delineated by subjectively Nitrogen management zones were defined by either topogdrawing boundaries between hilltops, slopes, and depressions. raphy or soil survey boundaries. Eight sample values from Order 1 soil surveys (1:6600) were produced by Michael each zone were averaged and used to represent each 33-m Sweeney (Registered Professional Soil Classifier, North Dakota, and Professor Emeritus, North Dakota State Univ., Fargo) at the Colfax, Hunter, and Gardner sites. The Order 1 soil survey (1:6600) of Valley City was conducted by Dr. David Hopkins (Registered Professional Soil Classifier, North Dakota, and Assistant Professor, North Dakota State Univ., Fargo), and the Order 1 soil survey (1:6600) at Mandan was conducted by Michael Ulmer (Registered Professional Soil Classifier, North Dakota, and Soil Data Quality Specialist, NRCS, Bismarck, ND). The published soil surveys (Order 2) in Colfax, Gardner, and Valley City were mapped at 1:20 000, with a minimum of 1-ha soil size delineation. The published Order 2 soil survey at Mandan was mapped at a scale of 1:16 000, with minimum soil size delineation of 0.8 ha. Soil mapping unit classifications are displayed in Table 2 .
Comparisons between soil survey zones and the original NO 3 -N values of the 33-or 45-m grids were made by giving all sampling locations within a soil survey unit a mean NO 3 -N value from up to eight random original NO 3 -N values for that area ( value that represented that area after interpolation using in- tween the Order 1 and Order 2 soil surveys suggests
Geostatistics were determined using GSϩ 3.1 (Gamma Design that NO 3 -N levels were higher in the Hegne than the Software, Plainwell, MI). All data sets were log-transformed other soils.
before geostatistical analysis. Log transformation was necesNitrogen management zones based on the Order 1 sary to satisfy a need for normalized data sets for geostatistical soil survey at Gardner were significantly correlated with analysis. The log transformation did not completely normalize the 33-m sampling grid in two of three site-years while the data but improved its normality relative to the original Order 2 zones were not correlated (Table 4) . Topogradata. Original data was used in all mapping and comparisons phy and the 66-m grid were more highly correlated than in other parts of this study.
the Order 1 survey in 1994 and 1995. Spatial variability was low at Gardner in 1996 compared with 1994 and
RESULTS AND DISCUSSION
1995, as shown by the relatively low standard deviation and the high nugget value compared with sill, which Descriptive statistics for each site-year are shown in suggests that much of the variation between values in Table 3 . Skewness and kurtosis are displayed for the 1996 was due to random error and not spatial relationoriginal data sets; however, a logarithmic transformation was imposed to increase the normality of each data At the Gardner site (Fig. 2) of drainage tile; however, it is not detailed enough to ** P Ͻ 0.01. † P Ͻ 0.10.
As expected, the Order 1 surveys had more detail
help manage within-field problems, such as directing ships. The low variation in soil NO 3 -N levels was due to the situation at Gardner where variability of NO 3 -N was low. to a cropping change from annual crops to alfalfa (Franzen et al., 1999a) . Therefore, it is reasonable to expect At Colfax, the Order 2 survey (Fig. 4) (Thompson and Joos, 1975) suggests that there may be differences that no sampling design would be related to field values, other than a composite sampling or mean sample value.
in elevation with the coarser-textured Embden soils in the western edge and southeast corner of the map. The The Hunter Order 2 map in Fig. 3 (Prochnow et al., 1985) suggests some of the patterns that appear in the Order 1 survey, however, provides a much closer representation of the lower N levels defined by the Tiffany NO 3 -N map, especially the greater N levels in the northwest delineated by the Bearden-Perella map unit. There soil and the higher N levels defined by the Wyndmere, Hecla, and Hamar soils. Order 2 survey estimates were is also a tendency towards greater N levels in the eastern side of the map, represented by the Bearden-Lindaas not correlated with 33-m values. The Order 1 survey estimates were correlated in two of four site-years but mapping unit. However, the Order 1 survey does a better job of delineating areas of higher N formed by the were less correlated than either the topography zones or the 66-m grid. Bearden and Perella map units and a lower N level within the Glyndon mapping unit.
The Order 2 survey of the Valley City site (Opdahl et al., 1990) revealed that there are differences between At Hunter, in 1997, the Order 1 or Order 2 NO 3 -N estimates were not correlated with the 33-m grid values.
the western and eastern portions of the map. There is a different soil series in the northwest, which correHowever, both topography and 66-m grid sampling techniques were significantly correlated with the 33-m grid sponds to higher N levels in the NO 3 -N map. However, the Order 1 map helps to explain lower N levels in the values. In 1998, there was low variability of soil NO 3 -N values due to the sugarbeet crop, which tends to accumuMaddock soil and higher N levels in the Tonka and Forman soils. The Order 1, however, failed to delineate late excess N in the foliage, leaving relatively low and uniform soil NO 3 -N levels in the soil (Franzen et al., an important zone in the ridge of Forman soils in the northwest, which has a lower N level than the Forman 1999b). The low variability in most of the field was not reflected in Table 2 because of poor sugarbeet growth soils to the west or east of the ridge top. At Valley City, topography and the 66-m grid estialong field edges (due to poor drainage from fence lines, hedges, and road ditches), resulting in high levels of mates were significantly correlated with 33-m NO 3 -N values in four of five site-years. The Order 1 and Order residual N. Within the field, there was very low soil N variability in 1998 compared with 1997, which resulted 2 surveys were similarly correlated, with two of five siteyears having significance. The performance of the Order in topography and the 66-m grid estimates not being correlated with the 33-m grid in 1998. However, the 1 survey at this field is disappointing, given the success at identifying several areas especially in the western part Order 1 survey was correlated in 1998, which was similar of the field that fit zones defined in the topography zone and Farland soils in the west field, which tended to be higher in soil NO 3 -N levels in some years of the study and NO 3 -N mapping. However, the lack of definition of the ridge top in the northeast part of the map as a due to lower crop yields at these locations. Estimates for the Order 2 soil survey zone were signifseparate soil-mapping unit from the rest of the Larson mapping unit deprived the estimates of at least two icantly correlated with 33-and 45-m grid NO 3 -N levels in only 4 of 18 site-years. The Order 2 soil survey was important zones defined in both the topography and NO 3 -N mapping. most useful at Mandan where three of the four site-years were significantly correlated. The Order 1, topography, At Mandan, there were similar features in the northeast corner of both the Order 1 and Order 2 (USDAand 66-m grid sampling estimates were correlated with the 33-and 45-m grid sampling in all four site-years. NRCS, unpublished, 1998) maps (Fig. 6 ). The area defined as Belfield/Grail in the Order 2 is defined as a The Order 2 survey was similar to the Order 1 survey in site-years of significance at Valley City. Both Order Grail/Arnegaard in the Order 1 map, but both represent areas of higher N levels shown in the NO 3 -N map. Both 1 and Order 2 surveys were less correlated than topography zones or a 66-m grid at all sites. Topography and survey maps also predict a lack of variability in N levels in the west and south areas of the field. The low strip the 66-m grid estimates were significantly correlated in 14 of 18 comparisons while the Order 1 surveys were of NO 3 -N levels shown in the center of the map was following sunflower. Soil NO 3 -N levels following sunsignificantly correlated in 11 of 18 site years. While correlation of Order 1 and Order 2 soil surveys flower were very low in all years of the study. The field west of the strip was in winter wheat, and the field in were significant in a number of comparisons, it should be clear from comparing NO 3 -N levels with the soil survey the east was spring wheat. The east field was consistently more variable than the center or west fields throughout mapping in Fig. 2 through 6 that basing a N management zone solely on the use of either survey may be a mistake. the study years. In the center field, there is an area of higher N where the sunflower died due to excess water.
Certainly there are instances, such as at Colfax, where the Order 1 soil survey map closely resembles the nuThis area was mapped using topography, but even the Order 1 survey missed this important location. The Ortrient map. However, at Gardner, the relationship is harder to see. Correlation gives us footprints in the snow der 1 mapping did note several small areas of Wilton that can be used to compare zone determination methgrid was used. The Order 1 soil survey would be a ods; however, when correlations are low, even if statistiuseful information layer to help determine or verify sitecally significant, they would not be expected to delineate specific nutrient management zones or soil sampling zone boundaries independent of other information.
zones to reduce sampling costs compared with a dense The published Order 2 surveys were related to field grid sampling. However, it should not be the only layer nutrient levels in only a small number of the fields studof information to determine these zones. Because of ied. Although an Order 2 survey is useful for introducing water movement patterns within soil landscapes, more general soil properties to a region related to its scale, work should be conducted to determine which series the use of a published county survey or digitized soil would tend to accumulate or redistribute nutrients on survey with an Order 2 scale may result in potentially landscapes. This would foster the proper separation of serious errors if used for within-field N management.
soil series, types, and phases for within field site-specific More useful information was obtained from the Order management. Site-specific agriculture is putting fresh 1 soil surveys, and the patterns were more consistently demands on soil survey. An Order 1 survey would be far related to soil NO 3 -N levels. The Order 1 surveys were more expensive than the present Order 2 scale. Given not as consistently correlated with 33-to 45-m grid samits positive role in contributing to determination of N ple values compared with estimates using topography management zones, the private and public sector will or dense grid sampling (66-m grid spacing).
need to determine whether it is worth the cost. There were six site-years in which correlation was higher with the 66-m grid than with topography. This ACKNOWLEDGMENTS increase in correlation was probably due to sample number and the presence of within-zone variability. When The Order 1 survey-based sampling was not as highly 
